ABSTRACT
INTRODUCTION
Digital libraries (DLs) facilitate creation, organization and management of multimedia digital content and collections and provide search, retrieval and other information services over computer networks and other electronic media. Developments in DL technologies have changed the way people access and interact with information and have also extended the concept of libraries far beyond physical boundaries.
Digital library systems have the potential to empower users, not just librarians, to conceive, assemble, build and disseminate new information collections (Bainbridge, et al., 2003) .
Therefore, one of the key functionalities of a DL should be the matching of user work patterns. To achieve this, a thorough understanding of the users of libraries and the system itself should be obtained. Apart from the need for deeper understanding of users, the fit between the tools used to craft the DL and the needed requirements has to be ascertained.
The Asian Communication Resource Center (ACRC), located in Nanyang Technological
University (Singapore) is a regional center dedicated to developing information resources on different aspects of communication, information, media and information technology disciplines, especially in Asia. The Center has about 20 years' worth of documents including books, journals, conference proceedings and working papers. To make these materials more accessible to users who are not based in Singapore, the ACRC decided to explore the possibility of building a DL to provide online access to these materials.
It was decided in the early stages of the project that open source DL software was to be used, given the amount of work done in this area by academics and practitioners in the field as well as the opportunities for using the DL as a research platform to test new concepts and technologies. However, a search of the literature yielded little in the evaluation of DL software, confirming Saracevic's (2000) observation that much effort has been put into DL research and practice but not so much on evaluation. This gap hence led to the present work.
Specifically, we conducted a study that examined the features of four DL software packages against a set of pre-determined criteria that were deemed to be essential for the development of the ACRC DL. Our objectives were to:
Determine the features that characterize "good" open source DL software and develop a checklist from these features. Here, we identified essential categories of features DL software should possess. Examples include content management, searching and metadata standards. These categories were then decomposed into supporting features. From these, a checklist that covered all such features was developed.
Evaluate the features of candidate open source DL software against the checklist. The checklist was applied to four open source DL software packages that were identified as possible candidates for the ACRC DL. Scores were assigned to each DL depending on its level of support for the features in the checklist.
Analyze the strengths and weaknesses of the DL software. After scoring, a comparison of the features across the DL software packages was examined with the objective of identifying similarities, differences, strengths and weakness of our candidate software.
The remainder of this paper is structured as follows. In the next section, open source concepts and a description of our candidate open source DL software are presented. The development of our checklist and the evaluation criteria used are discussed. This is followed by a presentation and analysis of the results of our evaluation of the DL software packages. We conclude with opportunities for future work and a general discussion of our evaluation experience.
OPEN SOURCE SOFTWARE
Open source software has been a nebulous reference to any software that is free, and is often In contrast to open source, freeware refers to software that is released free of cost in binary format only and its licenses usually prohibit modifications and commercial redistribution. On the other hand, shareware is software that is released free of cost in binary format but only for a limited trial period after which users are encouraged to purchase the software.
The availability of the source code in open source software allows users to modify and make improvements to it, and such contributions could come from a diverse talent pool of programmers. Thus, open source software tends to have more functions, being developed by the users of the software themselves as compared to commercial software, where a vendor's priority is in profit generation that may not be inline with the needs of users (von Hippel & von Krogh, 2003) . Further, because source code is accessible and modifiable, contributions also lead to improvements in the functionality of the software (Morgan, 2002) . In addition, updates can be obtained at low or even no cost and there are no royalties or license fees.
There is less likelihood of being dependent on a single software provider or being trapped into long term software support contracts which restricts flexibility in implementation (Surman & Diceman, 2004) .
However open source software has its disadvantages. One of the more common complaints is the lack of formal support and training that a commercial software package would offer (Caton, 2004) . Often, support is provided through mailing lists and discussion forums. In addition, open source software is also not known for ease of use as the focus is usually on functionality. Consequently, open source adopters will have to take greater personal responsibility in terms of leveraging staff expertise to implement and maintain their systems, including hardware and network infrastructure (Poynder, 2001) .
Nevertheless, open source is increasingly considered as an alternative to commercial digital library systems due to dissatisfaction with functionality (Breeding, 2002) . Another factor is increasing budget cuts that libraries face (Evans, 2005) . The cost of software production and maintenance is also rising dramatically. As a result, open source DL software, with its free access and good level of functionality, are some reasons for increased usage and interest.
DIGITAL LIBRARY SOFTWARE SELECTION AND EVALUATION
While there exists a variety of open source DL software available for use, it was decided that the ACRC DL be deployed on software that was stable, standards-based and had a reasonable number of installed bases. The criteria for initial selection of DL software therefore included the following:
The software must be available for download and installation at no cost via an open source license to facilitate evaluation.
The software should be relatively well known and commonly used, and this was inferred from the number of bases installed, especially in credible organizations such as universities.
The software must be supported either on Linux or Windows, as these are commonly used platforms.
Given these criteria, four DL packages were selected for our evaluation: CERN document server (CDSware), EPrints, Greenstone and Fedora:
CDSware. CERN, the European Organization for Nuclear Research, is the world's largest particle physics laboratory. CERN developed the CERN document server software, also known as CDSware (http://cdsware.cern.ch), to manage its collection of information. This includes over 800,000 bibliographic records and 360,000 full text documents including preprints, journal articles, books and photographs. of Fedora 1.0 was to create a production a quality system using XML and Web services to deliver digital content. Fedora supports digital asset management, institutional repositories, digital archives, content management systems, scholarly publishing enterprises and digital libraries. The system is designed to be a foundation upon which full-featured institutional repositories and other interoperable Web-based digital libraries can be built. It currently has a distributed installed base of more than 360 with collection sizes of 10 million objects.
Greenstone. Greenstone (http://www.greenstone.org) is developed by the New Zealand Digital Library Project at the University of Waikato, and distributed in cooperation with UNESCO and the Human Info NGO. Greenstone is a tool for building libraries and aims to empower users, particularly in universities, libraries and other public services institutions to build large distributed digital library collections.
The current installed base is unknown but the number of downloads of the software appear to be large.
Software Evaluation with Checklists
To effectively evaluate the chosen DL software, a framework is necessary to guide the planning, controlling and reporting of the evaluation of software products. Common elements between these software packages need to be examined so that suitable conclusions can be drawn. To accomplish this, evaluation instruments (Punter, 1997) 
Inspection with checklists
Although the first three evaluation methods are usually looked upon as well founded and applicable to software evaluation, experience shows that the use of checklists is necessary (Punter, 1997) . Checklists have been used widely to verify the correctness of software documentation and software code. Gilb and Graham (1994) defined them as "a specialized set of questions designed to help checkers find more defects", whereas another largely accepted definition is that a checklist is a "list of questions that clarify and standardize the inspection process and guide inspectors to pay attention to the right things" (Tervonen & Kerola, 1998) .
Evaluation Criteria
In designing a DL, there is no decision more important than the selection of quality software that forms the platform from which services are delivered. The variety of choices however makes the selection somewhat daunting and the key is a careful definition of the nature of the information in the library and how it will be used (Dobson & Ernest, 2000) . In the present work, a discussion with ACRC staff and potential users coupled with a review of the DL literature yielded the following five broad requirements which were used as our evaluation criteria:
Content management. This requirement is related to the ease with which content is created, submitted, reviewed, organized and versioned within the DL. It also encompasses the provision for searching and browsing functions such as metadata search, full-text search, and hierarchical subject browsing. Additionally, content encoded in a variety of popular formats including text (e.g. ASCII, UNICODE, RTF), image (e.g. TIFF, GIF, JPEG), presentation (e.g. Adobe PostScript and Adobe PDF), structured formats (e.g. HTML and XML), audio and video (e.g. Real, MP3, AVI and MPEG) ought to be supported.
User interface. The user interface requirement covers the flexibility in customising the interface to suit the needs of different digital library implementations as well as the support for multilingual access. With multilingual access, the user is able to specify the language for the DL's user interface as well as the cataloging information stored within it (Witten & Bainbridge, 2002) .
User administration. This requirement concerns the range of functions needed to manage the users of the DL. For example, access to content in the DL needs to be restricted through password authentication, IP filtering and proxy filtering. Also, usage patterns have to be monitored and reported. When usage patterns are analysed, the needs and interests of DL users can be better understood (Jones, Cunningham & McNab, 1998) .
System administration. This requirement is related to the back-end maintenance of the DL. Automatic tools are useful particularly for large DLs where maintenance work is labor-intensive (Arms, 2000) . Functions such as automated content acquisition, harvesting as well as automatic metadata generation, including named entity recognition and automatic subject indexing/classification make DL maintenance much easier. Next, the DL needs to support preservation standards as well as persistent document identification so that the transfer of digital materials from one hardware/software configuration to another would not compromise reference citations and other links (Cordeiro, 2004; Hedstrom, 2001) Other requirements. The DL needs to be interoperable with other systems to which it is connected. This allows each system to evolve independently without sacrificing their ability to communicate with each other (Paepcke, et al, 2000) . At least two basic interoperability protocols should be supported, namely, Z39.50 and OAI-PMH (Open Archives Initiative Protocol for Metadata Harvesting). Additionally, the DL must be compliant with standards established for digital library collection and services.
Examples of standards include XML for representation of information; XHTML for Web pages; GIF, TIFF and JPEG for images; Unicode for multilingual support and information interchange; and Dublin Core and MARC 21 for metadata. Finally the DL needs to provide mechanisms through which DL administrators and developers can obtain system support and help. Such mechanisms include documentation, manuals, mailing lists, discussion forums, bug tracking, feature request systems and formal helpdesk support.
The DL Evaluation Checklist
Due to the lack of a universally accepted definition for a digital library, there has not yet been a common methodology for the selection of good digital library software. With this in mind, the present study aimed to develop a simple-to-use instrument for evaluating DL software with the following characteristics:
Comprehensiveness. The evaluation criteria should cover all the key areas involved in DL software selection.
Usability. The instrument should be simple to understand, and more importantly, easy to employ by a variety of users with, or without background in software evaluation.
Flexibility. In choosing DL software, different stakeholders may place different emphasis on the various criteria. For example, a library administrator may be more concerned with the ease of submission of material, whereas a researcher may be more interested in better search functionality. The weights associated with each criterion should be easily modifiable to reflect different stakeholder needs.
Expandability. The instrument should be easily expandable to include additional factors and criteria such as new and emerging standards.
Our DL evaluation checklist consists of 12 categories of items, each with varying degrees of importance: content management, content acquisition, metadata, search, access control and security, report and inquiry, preservation, interoperability, user interface, standards compliance, automatic tools and support. The checklist is found in Appendix A.
Methodology
The method of assigning weights to evaluation criteria was adapted from the Edmonds and Urban's (1984) methodology who recommended the use of the Delphi technique. In the original technique, a committee anonymously assigns weights to each criterion, usually through a questionnaire. The committee reviews the results and if there is no consensus, these steps are repeated until a consensus is reached. In the present study, we modified the Delphi technique by having a group of four people trained in information science and familiar with DL concepts to assign weights to each category and its respective items independently. The total sum of the category weights was 100 while the total sum of the items in each category was 10. Discrepancies were then resolved with face-to-face discussions in which each person provided justifications for the reasons behind their decisions. Pair-wise comparisons were also conducted as part of the process of formulating appropriate weights for the checklist. In pair-wise comparison, the relative importance of each criterion against every other criterion is determined, often in a group session that is preceded by individual assessment (Koczkodaj, Herman & Orlowski, 1997).
Next, the four DL software packages selected in this study were evaluated using the checklist.
Scoring was done by evaluating the software as a group, using the same four people that developed the checklist, but on a separate occasion. In cases where the evaluators disagreed over whether a particular criterion was met in a software package, a simple majority vote was taken. In cases of a draw, a consensus was arrived through emailing the DL software developers or consulting other sources.
FINDINGS AND ANALYSES
In this section, we present our findings on how well the four selected DL software packages scored on a 10 point scale for each of the 12 categories in the DL software evaluation checklist. Table 1 shows the scores for each of the categories for the four DL software evaluated.
[Take in Table 1 ]
Content Management
This category (Table A-1, Section 1) involves procedures and tools pertaining to the submission of content into the DL as well as the management of the submission process. As shown in Table 1 (Row 1), all DL software, with the exception of Fedora, satisfied most, if not all, of the criteria. Fedora only managed to score 4.50 out of 10. This comparatively poor performance is due mainly to a lack of submission support and review. Fedora only provides capabilities to insert content but not features such as notification of submission status or allowing users to modify submitted content.
Content Acquisition
Content acquisition (Table A-1, Section 2) refers to functions related to content import/export, versioning and supported document formats. Table 1 (Row 2) shows that all the DLs managed to fulfill most of the criteria. EPrints in particular achieved a full score of 10.
Metadata
As mentioned earlier, metadata support (Table A-1, Section 3) in DLs is vital in content indexing, storage, access and preservation. However, the performance in this area was disappointing. As shown in Table 1 (Row 3), most of the DLs in our study only supported a few metadata standards. While it is encouraging that at least core standards like MARC21
and Dublin Core were supported, emerging metadata schemas such as EAD and METS (Guenther and McCallum, 2003) were neglected by all except Fedora.
Search Support
Search support refers to a range of searching and browsing functions such as metadata search, full-text search, and hierarchical subject browsing. Considering the importance of searching functionality (Table A-1, Section 4), Table 1 (Row 4) shows that performance across the four DLs was varied, ranging of a low of 3.40 to a high of only 8.71. In particular, EPrints' poor performance was due to the absence of full text search support as well as metadata search. In addition, none of the software evaluated featured proximity searching capabilities.
Access Control and Privacy
Access control and privacy include the administration of passwords, as well as the management of users' accounts and rights to specified locations within the DL. Most of the DLs surveyed scored well for this indicator (see Table 1 , Row 5; Table A-1, Section 5) with EPrints being the best overall performer. CDSWare obtained the best score in password administration, having not only system-assigned passwords, but also the ability to select passwords and to retrieve forgotten passwords. Fedora scored well on access management in its support for IP address filtering, proxy filtering and credential-based access.
Report and Inquiry Capabilities
This category is concerned with usage monitoring and reporting (Table A-1, Section 6).
Table 1 (Row 6) shows that Greenstone was the only software that fulfilled all the requirements in this category. While Fedora provided usage statistics, it did offer report generation tools. Both EPrints and CDSware lacked report and inquiry capabilities.
Preservation
Preservation (Table A-1, Section 7) refers to preservation of metadata and quality control measures to ensure integrity, and persistent documentation identification for migration purposes (Hedstrom, 2001) . Fedora was a clear winner with its support for CNRI Handles, quality control and provision of a prescribed digital preservation strategy (see Table 1 , Row 7).
Interoperability
Interoperability (Table A-1, Section 8) is concerned with the benefits of integrating distributed collections and systems (Paepcke, et al., 2000) . Results indicated that Greenstone was the best performer (see Table 1 , Row 8). All the software surveyed supported OAI-PMH.
However, Z39.50 was only supported by Greenstone. This may be due to the protocol being much more complex to implement.
User Interface
This category (Table A-1, Section 9) deals with support for multilingual access as well as the ability to customize the user interface to suit the needs of different DL implementations. All DL software surveyed obtained a full score (Table 1 , Row 9), reflecting that these issues were taken into consideration.
Standards Compliance
Standards are important for the sharing of digital content and long term digital preservation (Dawson, 2004 ) and this category (Table A-1, Section 10) was thus evaluated by looking for evidence of the usage of standards. As the only other category with a full score across all software (see Table 1 , Row 10), there appears to be a demonstrated commitment to the use of standards. It should be noted however that such a commitment does not imply every conceivable standard should be adopted, and the other evaluation categories should be consulted to determine which specific standards are supported by each DL. For example, while most document and image format standards are supported by the four DLs, not all metadata formats are, with Dublin Core being the only one supported by all.
Automatic Tools
This category refers to tools for automated content acquisition, harvesting and metadata generation (Table A-1, Section 11). In the context of DLs, automatic tools are useful for maintenance and can reduce labor costs especially for large collections (Arms, 2000) . Table 1 (Row 11) shows that Greenstone and CDSware obtained full scores while Fedora and EPrints did not fare as well.
Support and Maintenance
Support and maintenance (Table A-1, Section 12) is an important aspect in all software systems and open source software is often criticized to be lacking in these. However, our results show that three out of the four of the DLs evaluated performed well in this category (see Table 1 , Row 12) by offering documentation, manuals, mailing lists, discussion forums, bug tracking, feature request systems and formal helpdesk support. Only EPrints faired relatively poorly due to its lack of formal helpdesk support and documentation that was not updated. Figure 1 shows the consolidated scores of the four DL software evaluated. Greenstone emerged as the best performer with a consolidated score of 82.17, followed closely by CDSware with a score of 81.35. This was followed by Fedora and EPrints with scores of 75.01 and 66.49 respectively. Note that the consolidated scores were obtained by summing all category scores after normalizing by their respective category weights (see Appendix A for details).
Consolidated Scores
[Take in Figure 1] Greenstone was the only software package that consistently fulfilled the majority of the criteria in many categories and obtained full scores in five of the 12 categories. These five indicators were report and inquiry, user interface, automatic tools, standards compliance, and support and maintenance. Clearly, Greenstone places great emphasis on end-user functionality. For example, usage reports and statistics help a library administrator to determine bottlenecks and identify popular files accessed. User interface customizability allows different DLs to create interfaces that suit the needs of its stakeholders, while automatic tools simplify content management and acquisition. In addition, Greenstone attained close to perfect scores for content management and acquisition, hence helping to ease the tasks of managing content in the digital library.
In addition, the ease of installation for Greenstone is another winning factor. Packaged in a single installation executable, the DL was operational on a Windows 2003 Server machine in less than an hour. Documentation for Greenstone is also extensive. There is a wealth of online documentation and tutorials available on the Greenstone Web site, and a number of organizations even offer training courses. In sum, we believe that Greenstone is the userfriendliest software for creating digital libraries among the four evaluated. Similar to Greenstone, CDSware obtained full scores in five of the 12 categories. Although it tracked Greenstone closely in total score, CDSware performed poorer because of its lack of report and inquiry features. This may make system and usage monitoring difficult, an important task explained earlier. An issue with CDSware not reflected in the checklist was the difficulty in installing the software. CDSware is only available on the Linux platform and requires extensive configuration. As compared to the straight-forward installation of Greenstone, CDSware took several days for installation on a newly setup Linux machine due to the number of other required software packages that needed to be installed and properly configured, and the extensive knowledge of Linux required.
In third place was Fedora, obtaining a full score in four out of the 12 categories. Fedora's key strength is its support for preservation and standards, in which full scores were obtained. It also ranked highest in the metadata category due to its support for many metadata standards.
Other than the lack of Z39.50 support, Fedora appears to be a good candidate with regards to long term digital preservation needs. Fedora was also easily installed on a Windows 2003 Server machine, although more configuration work was required when compared to Greenstone. Fedora has limited support for automated tools and content management features.
EPrints was the worst performer with a total score of 66.49. Its advantage was that the software was the only one to obtain a full score for content acquisition and that it supports the widest range of document formats. On the other hand, EPrints lacks in usage reporting and inquiry capabilities. It is also only available on the Linux platform and therefore shares the same installation problems facing CDSware. However, its greatest weakness is the low score of 3.40 under the search category. Only metadata searching is supported and full-text search is not available.
DISCUSSION AND CONCLUSION
Although the checklist developed in the current study aims to be comprehensive, it represents a first step in the development of an exhaustive evaluation tool and therefore, the current version has some limitations in the assessment of DL software. For example, the checklist does not take into account factors such as hardware, time, manpower, money and other resources, as these may vary depending on the implementing organization or individual. The availability of application programming interfaces for implementing new features was also not considered. In addition, the weights given to the various categories were assigned through a consensus process among four evaluators. Other stakeholders with different viewpoints and needs may require different weighting schemes. However, as discussed previously the checklist is flexible enough to accommodate new categories, items and weighting schemes. Saracevic (2001) argues that while resources have been expended on DL research and practice, "evaluation is not, by and large, a part of these efforts. With a few notable exceptions in either research or practice, digital library evaluation is not conspicuous…digital library evaluation has yet to penetrate research, practice, or even debate." When this project was first initiated, there was a dearth of information on the evaluation and comparison of DL software. Nevertheless, we wanted to investigate how well our four candidate software packages would perform, with the goals of creating a checklist for DL evaluation and to help guide our recommendations for the ACRC DL itself.
Extensive research was done to extract requirements for DLs. These requirements led to the definition of the criteria for DL evaluation and from these, a checklist was created. Scoring each DL software package against our checklist further reinforced the differences of each DL in accommodating different needs. From the results of the evaluation, we have come to the conclusion that current open source DL software still lack certain functionalities perceived to be important as gathered from the literature. However, among our four candidate DLs, Greenstone was able to fulfill most of all the vital indicators because of its strong support for end-user functionality. Work is therefore underway to further evaluate Greenstone as a platform for the ACRC DL. CDSware was yet another strong contender, and we believe that it can only get better when it adds a usage monitoring and reporting feature in the next release. In contrast, Fedora and EPrints did not perform as well in the evaluation because they lacked strong support in these areas, and especially in the search category. However, it must be noted that each software package has individual strengths and weaknesses that will appeal to different organizations and stakeholders with different needs. Therefore, those interested in implementing a DL can use the checklist to evaluate how well their candidate software fits into their specific implementation requirements. 1. Place a check mark for each item that exists in the software package being evaluated.
APPENDIX A -CHECKLIST FOR DIGITAL LIBRARY EVALUATION
2. Within each subcategory, a. Multiply the number of check marks by the subcategory weight. This weight also represents the maximum score for that subcategory.
b. Divide this resulting number by the number of items in the subcategory to obtain the subcategory score.
3. Within each category, sum all subcategory scores, divide the total by 10, and multiply the resulting number by the category weight to obtain the category score.
4. To obtain the consolidated score, sum all category scores.
[Take in Table A 
